It is of vital importance to understand whether increasing human population and industrialization have already caused, or have the potential to induce signifi cant changes in Earth's climate. Unfortunately, direct temperature records that enable the detection of climate changes on a global scale are too short and they already fall within the period of strong human impact on natural conditions. Information regarding the pre-anthropogenic state of the system can be obtained either from proxies that record past climate and environmental conditions, or by simulating the climate system with numerical models under appropriate external forcing. The paleoclimate record provides an excellent test of these models as it reveals climate variations that have occurred in the past. Computer simulations and conceptual models contribute to a system-analytical understanding of the dynamics in the climate system. The project covers climate variability and transitions for recent climate changes, the Holocene, deglaciation, and the last glacial cycle (Fig. 1, in Lohmann and Sirocko, this issue) . Linkages exist with nearly all DEKLIM-Paleo projects, special collaborations are with CorClim, RESPIC, GHOST, Oxygen Isotopes, and EEM.
Climate Shift in the 1970's
We investigate the signature of North Atlantic multidecadal variability based on statistical analysis of observed and proxy data, as well as general circulation model experiments Grosfeld et al., 2004) . The signature of North Atlantic multidecadal SST variability has a monopolar structure, whereas the sea level pressure variability is found to be similar to that of the North Atlantic Oscillation (NAO). The signature of multidecadal North Atlantic variability is also well recorded in independent proxy time series. We fi nd that global teleconnections are modulated on interdecadal time scales (Rimbu et al., 2003) , which provides a limitation in the prediction and reconstruction of remote climate phenomena such as the El Niño-Southern Oscillation (ENSO) impact over Europe (Fig. 1 ).
Deglaciation
Analyses of ice-core and ocean-sediment records have shown that for the last two deglaciations, changes in temperatures over Antarctica and the tropics precede changes in Greenland ice volume (Petit et al., 1999; Henderson and Slowey, 2000; Lea et al., 2000) . We present a mechanism for deglaciation whereby an increase in tropical SSTs, as observed at the end of glacial periods, can impact the surface temperature over the Laurentide Ice Sheet via an atmospheric bridge (Rodgers et al., 2003) . This study is based on atmospheric general circulation experiments where changes in tropical SST can drive changes in air temperature over modern-day Canada (Fig. 2a) . Another teleconnection is linked to a Southern Ocean warming and associated sea ice retreat onto the Atlantic thermohaline circulation (THC) (Knorr and Lohmann, 2003 C concentration (Fig. 2b) . One is possibly linked to an abrupt onset (data sources: Cariaco Basin: Hughen et al., 2000; Polish lakes: Goslar et al., 2000) . The curves are model results, obtained with an ocean general circulation model coupled to an atmospheric reservoir (Buzin et al., 2004) , which is also subject to changes in cosmogenic 14 C production (as estimated by Marchal et al., 2001) . The simulations started at 17 kyr BP using different initial values, as there is considerable uncertainty regarding the atmospheric radiocarbon concentration at that time (e.g., see Goslar, 2001 of vigorous deepwater formation during the Bølling warm period.
( ) The role of the tropics in the melting and reforming of the Laurentide Ice Sheet on glacial timescales is analyzed by an atmospheric general circulation model. It is found that warming of tropical SSTs from glacial boundary conditions causes a large increase in summer temperatures centered over the ice-sheet-forming regions of Canada. (b in summer temperatures centered over the ice-sheet-forming regions of Canada. (b in summer temperatures centered over the ice-sheet-forming regions of Canada. ( ) Temporal b) Temporal b evolution of the atmospheric radiocarbon concentration δ 14 C during the Late Glacial period. Circles denote values inferred from sediment data

Conclusions and Outlook
Teleconnections and their role in long-term climate variability are investigated using numerical models of the Earth's system. To reconstruct climate change over thousands of years, it is necessary to use the evidence provided by sediments, ice cores, pollen data, fossil and isotope records (e.g. Rühlemann et al., 2004; Felis et al., 2004) . Analyzing paleoclimatic records and models in tandem enables the evaluation of climate transitions and the analysis of forcing and feedback mechanisms of glacial-interglacial and future climate changes.
